binding changes could not be accounted for by differTo confirm this colocalization using an alternative apences in lysate Akt1, JNK, or JIP1 levels ( Figure 2C ). proach, primary hippocampal neurons were subjected Similar results were obtained after exposing neurons to to subcellular fractionation ( Figure 1E, top) . Initial frac-50 M of kainate (data not shown). The coimmunoprecitionation results indicated that JIP1 localized predomipitation results suggested that Akt1 binding prevented nantly to the P2 membrane fraction ( Figure 1E , bottom).
JIP1 interactions with the JNK pathway and that excito-A substantial portion of neuronal Akt1 was also found toxic stimulation released the JNK scaffold from Akt1. in this fraction. Linear gradient centrifugation of JIP1-To test whether kainate-induced reduction of Akt1-enriched P2 demonstrated that JIP1 and Akt1 reside in JIP1 binding is the consequence of changes in Akt1 equivalent fractions, suggesting that these proteins exactivity, the phosphorylation status of critical Akt regulaist in the same membrane compartment ( Figure 1F , fractory sites was assessed. Hippocampal neurons were tions 7-12). In discontinuous gradient experiments, treated with or without 100 M kainate for 30 min, and these JIP1-and Akt1-containing fractions correspond crude lysates or anti-Akt1 immunoprecipitates were to interfaces between 5%-10% of iodixanol (data not probed with anti-phosphospecific Akt antibodies ( Figure  shown) . Intriguingly, these fractions also contained 2D). Notably, phosphorylation of neither the Akt1 activaJNKs 1 and 3, AMPA/kainate receptor subunits (GluR2 tion loop (T308) nor total lysate Akt at the regulatory C and GluR6/7), and PSD-95, implying that postsynaptic terminus (S473), two sites that reflect Akt activity, was proteins and JIP1-associated signaling molecules are changed by kainate stimulation. Further time course exin close proximity to JIP1 and Akt1. Significantly, riboperiments with kainate-treated neurons (100 M, 30 min) phorin, an endoplasmic reticulum-resident protein, was revealed no change in total lysate Akt activity, as asnot observed in JIP1-and Akt1-enriched fractions.
sessed by anti-phospho-Akt S473 immunoblotting, even Taken together, the immunofluorescence and fraction-6 hr following toxic exposure (data not shown). Additionation results suggest that JIP1 and Akt1 may interact ally, examination of the neuronal Akt1-JIP1 interaction with each other within a specific membrane comfollowing BDNF treatment (50 ng/ml, 20 min), which actipartment.
vates the Akt family, did not cause a change in Akt1-JIP1 binding (data not shown). These results imply that Kainate Exposure Reduces the Akt1-JIP1 Akt1 activity may not regulate Akt1 interactions with JIP1.
Interaction and Increases the JNK-JIP1 Interaction in Primary Hippocampal Neurons
Given the colocalization of Akt1 and JIP1 in neurons, we Akt1 Interacts Directly with JIP1 To examine the requirements of Akt1-JIP1 association, next evaluated whether these proteins form a physical complex. Endogenous Akt1 was immunoprecipitated we performed further coimmunoprecipitation experi- Figure 5A, lanes 3-6) . Similarly, Akt1 expression had no effect on JIP1 binding to these JNK pathway kinases ing to JIP1 compared to MLK3 expression alone ( Figure  5B, lanes 3 and 5) . Additionally, JNK1 binding to JIP1 when MKK7 and JNK were coexpressed ( Figure 5A,  lanes 7 and 8) . These results indicated that Akt1 does was increased by MLK3 coexpression compared to tates exhibited relatively higher activity than JNK1 in crude lysates ( Figure 5B , lane 5), suggesting that JIP1 assembles an active JNK signaling pathway. We hypothesized that this active JNK scaffold complex could be disrupted by Akt1 binding. Indeed, when MLK3, JNK1, and JIP1 were coexpressed, Akt1 overexpression decreased the cooperative binding of both MLK3 and JNK1 to JIP1 ( Figure 5B, lanes 5 and 6) . Moreover, this effect on binding was associated with a decrease in both JIP1-bound and lysate JNK activity ( Figure 5B, lanes 5 and 6) . Coexpression of wild-type or kinase-dead Akt1 also reduced formation of a JIP1-mediated ternary complex between MLK3 and JNK1 ( Figure 5C, lanes 3-5) , highlighting again the critical role of Akt1 binding to JIP1. Taken together, these experiments demonstrate that Akt1 binding to JIP1 inhibits JIP1's ability to assemble active JNK signaling complexes. To test the impact of Akt1 binding in this apoptotic process, additional Akt1 or Akt2 constructs were transDiscussion fected into hippocampal neurons ( Figure 7C ). Transfection of both a kinase-dead Akt1 construct or an Akt1
Primary Neurons Derived from
The current study indicates that Akt1 binding to JIP1 decreases JIP1's ability to scaffold a JNK signaling moddeletion construct containing the JIP1 binding site (HAAkt1 AH) attenuated kainate-induced apoptosis by apule in primary neurons (Figure 8 ). This mechanism is supported by several lines of evidence. First, an endogeproximately 30%. Ambient cell death was somewhat 
